We are presenting a new set of K/Ar ages and geochemical analyses obtained on deep-sea samples dredged in 1999 on several seamounts of the Cook-Austral volcanic chains in the Pacific Ocean. The new geochemical results, together with published data on island samples, allow us to reveal a time evolution of the mantle source composition as well as an increase in geochemical variability of the superplume responsible for the regional South Pacific Superswell. Three identified volcanic stages of Ma are identified with signatures of mantle reservoir composition varying from close to C to N-MORB-types and C/HIMU-type respectively. Using a geodynamic reconstruction for the most recent volcanic period, from 20 Ma to present, three hotspot tracks are needed to explain the several volcanic episodes observed within the limited geographical area of the central part of the Cook-Austral chains. At the scale of a single volcano, different magmatic phases can also be identified with different ages and geochemical signatures, emphasizing the importance of structural control, either crustal or lithospheric, in the location of the magmatic outputs. These observations, taken together, are in good agreement with a model where each hot spot could sample a small volume of the large very heterogeneous plume responsible for the regional South Pacific Superswell.
Ar technique allows a distinction between phases to be made using a step heating procedure on whole rock grains [13] , we chose to work with a single phase technique. The selection of the correct phase is critical to get the age of the lava flow, i.e. stage (2) . This phase in our samples is generally microlitic plagioclase and occasionally nepheline. The rapid cooling of the pillow-basalt, however, limits the size of these microlites to some tens of microns. This small size precludes the use of the 40 Ar/ 39 Ar dating technique because of the recoil of 39 Ar during the neutron activation. Moreover, the very high Ca content of plagioclase restricts the applicability of 40 Ar/ 39 Ar dating technique, especially for younger rocks for which the radiogenic 40 Ar content is very low. Considering these limitations, we decided to use a K-Ar dating technique devoted to detect very low radiogenic 40 Ar contents: the Cassignol technique [12, 14] . This technique has been previously applied successfully to submarine basalts from various settings, and yielded ages coherent with the stratigraphic and geodynamic constraints [4] .
Sample preparation
The inner part of the pillows is systematically used for dating. A specific technique is applied to extract the pure microlitic plagioclase phase when preserved. First, the rocks are crushed and sieved to a 125 to 500 µm size fraction. Heavy liquids are used to remove all phenocrysts and to select the pure microlitic groundmass. Then, the groundmass is crushed again to a smaller size such as to isolate pure plagioclase microlites (generally around 30 to 50 µm). Finally, a magnetic separator is used to separate pure plagioclase from the altered glass and other microlites. The different microlitic sizes extracted from the various samples are summarized in Table 1 . When possible, different mineral phases are isolated: plagioclase microlites, plagioclase phenocrysts, nepheline ( Figure 3 ) and groundmass. They constitute independent phases which are important to check for internal consistency of a given sample.
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The South Pacific Superswell activity July 15 th , 2005 This is illustrated in pillow-lavas DR07B and DR24-02 ( Figure 4 ) for which both plagioclase crystals (125-250 µm) and microlites (30-50 µm) have been separated and analyzed. Note that the double separation is not necessary for the freshest samples DR02, DR04 and DR14-03, because their groundmass is fresh and well preserved. Finally, special attention has been given to the highly under-saturated glassy pillow-lava DR07 which contains small cubic crystals of nepheline. For this sample, dating has been done both on this particularly K-rich phase and on the preserved glassy groundmass, since the separated nepheline quantities were small. Most samples have been dated twice and Table 1 summarizes the results :
• for samples with duplicate dates on the same mineral phase (DR01, DR02, DR04, DR05, DR14, DR16, DR18, DR24), ages are perfectly reproducible; • for DR23 and DR07B, a slight discrepancy can be observed between the dating made on two different phases: (1) microlites and (2) plagioclase phenocrysts; • for DR07, the dating made on the nepheline phase and on the groundmass are different (by 0.2 Ma) but they are coherent. Both give a very recent age for the sample; however the age based on the nepheline phase is preferred because of the higher K content and of the lower Ar contamination level. In a few cases very different ages are obtained within a single dredge. This indicates that different volcanic episodes have been sampled along the dredge haul. This can be seen in particular for DR07 and suspected for DR14 and DR23 (see below). A large range of ages, between 0.23 Ma and 58.1 Ma, is observed with a maximum uncertainty of 2%. These new results bring important constraints to the geodynamical evolution of this region as further discussed in sections 5 and 6.
-Geochemical analytical techniques and results
Major, trace element and isotope data are presented in Table 2 .
Sample preparation
Aboard the ship, all samples are crushed to centimeter size fragments. Pieces of glass or chips from the inner part of lava flows or pillow lavas are handpicked to avoid (1) Fe-Mn coatings, which could be a potential source of Pb and Nd contamination (2) altered surfaces which could have an effect on Sr isotope compositions. All samples (either glasses or rock chips) are washed in an ultrasonic bath of 2M HCl, followed by double quartz distilled water before further crushing in an agate mortar for major and trace element analysis. For Sr and Nd isotope analyses, the powder is further leached to remove seawater alteration with 0.1N HCl for a few minutes in an ultrasonic bath and rinsed in deionized water. The Sr-Nd separations are done according to the procedure described in [15] . Pb separation is performed on a separate aliquot of the powdered sample leached with 6M HCl at 140°C for an hour and rinsed up to 6 times with deionized water and dried. Such a procedure gives reliable Pb isotope ratios on whole rock powders as shown by Regelous et al [16] . Sr and Nd ratios were measured on a Finnigan MAT261 multicollector instrument, in dynamic mode and were corrected for mass fractionation to a value of 8 The data are presented in Figure 6 . The rare earth diagrams are extended to include Th, Nb, Ta, Zr, Hf and Y. The concentrations are normalized to the primitive mantle values [18] , shown in parenthesis after the element name, in Table 2 . It is important to note that the samples have been affected by seawater alteration. During such low temperature alteration, however, Nb, Ta, Zr, and Hf remain in the basalt whereas Y and the trivalent REE are partially removed [19] . Therefore concentration ratios of elements such as Zr, Nb, Hf and Ta are considered to be insensitive to alteration. As described above in the sample preparation, more efficient alteration removal has been applied to samples for isotope analyses. Most samples have light REE enriched patterns, like typical intraplate volcanic lavas ( Figure  6 ). In detail, however, there seems to be a temporal evolution of the sample patterns. Sample DR14-4, the clinopyroxene rich sample is not included in this discussion as, due to its low K content, it could not be dated and its extended REE pattern is dominated by clinopyroxenes and thus does not represent the basalt. typical of those found in Rarotonga-Aitutaki, Macdonald-Raivavae and Rurutu island volcanics (Figures 8 and 9a ). In Figure 9a , 208 Pb/ 206 Pb is plotted against 207 Pb/ 206 Pb. We note that the extreme isotopic heterogeneity that was pointed out within a single same dredge is confirmed in Pb-Pb systematics both for DR14 and DR23. Pb-Pb diagrams (Figures 8 and 9a ) suggest that the whole sample set might be divided into three groups according to age: 0-20 Ma, 20-33 Ma and 40-58 Ma, consistent with the classification based on the extended rare earth patterns presented above. The youngest group, the most radiogenic in Pb, includes samples with enriched trace element patterns only. The 20-33 Ma age group has MORB isotopic characteristics and includes samples with slightly enriched to depleted XREE patterns. Finally, the 40-58 Ma group includes only trace element enriched samples. These groups are also clearly separated when a key trace element ratio that is diagnostic of mantle source composition such as Th/Ta (insensitive to variable degrees of partial melting) is combined with Pb isotopic information such as 206 Pb/ 204 Pb (Figure 9b ) or the distance to the reference line NHRL, ∆ 207 Pb/ 204 Pb (Figure 9c ). DR14-3, dated at 8.8 Ma, is outside either group as is also shown by its peculiar Nd-Sr isotopic characteristics. A sample with unusual isotopic ratios (Nd composition of 0.51278) was also found in Rurutu island (74-394) and ignored in the discussion [20] . DR14-4, the clinopyroxene rich basaltic breccia, could not be dated but its geochemical characteristics suggest that it belongs to the 20-33 Ma age group. Samples from a single dredge (DR23) show a very large heterogeneity:
206 Pb/ 204 Pb ratios vary from 18.0 to 20.3 for DR23-2 and DR23-3 respectively. However DR23-2 is a glassy sample that has been dated at 33 Ma whereas no age is available for DR23-3. These two samples from the same dredge most likely belong to different stages of volcanism. The isotopic characteristics of DR23-3 place it rather in the 0-20 Ma group of samples. In a Nd vs. Pb isotopic diagram (Figure 10 ), the different age groups can also be identified.
-Discussion
The new geochemical data presented in this paper, based on sampling of seamounts of different ages, clearly illustrate the large heterogeneity of mantle sources at the regional scale of the Cook-Austral island chain between 58 Ma and present. Temporal evolution of mantle source composition This large mantle heterogeneity is seen in isotopes as well as in trace elements. However, the data set appears to be coherent in terms of age, isotope compositions and XREE data :
• Between 58 and 40 Ma, the tapped source presents enriched XREE patterns with a small variation in 206 Pb/ 204 Pb (18.4-9.0) and with a range in 143 Nd/ 144 Nd from 0.51280 to 0.51295. This area of the isotopic field is close to what has been referred to as the Common mantle component "C" zone [21] or FOZO (FOcus ZOne) [22] and could represent the material found between the enriched blobs in a "marble cake" mantle.
• Between 33 and 20 Ma, the isotopic field describing the source has rather depleted characteristics with almost constant MORB-type Nd values around 0.5131 whereas 206 Pb/ 204 Pb values range from 17.6 to 18.2. Samples in this age group present depleted to slightly enriched extended rare earth patterns. Both groups are characterized by (La/Sm) N between 0.7 and 4.2 and Th/Ta ratios between 0.7 and 0.9.
• Between 20 Ma and present time, the geochemical heterogeneity is larger. Nd ranging from 0.51269 to 0.51293. In terms of mantle source-types, C to HIMU-types are found. Local heterogeneity can also be observed at the dredge scale, like in DR14 where DR14-3, the only dated sample, and DR14-4 have widely different isotopic ratios. Most likely these two samples are from two different volcanic stages as already pointed out above in the case of DR23. To summarize, from 58 Ma to 40 Ma, the mantle source is close to C type, between 33 Ma and 20 Ma, the mantle source is of N-MORB type, between 20 Ma and present time, the source could be a mixture between C and HIMU type sources. During this last time period, hot spot tracks can be reconstructed. Hotspot track reconstruction (0-20 Ma) Three hotspot tracks have been recognized using a method coupling geodynamical reconstruction and the new K/Ar ages obtained on these samples added to the already available ages on islands. To reconstruct the apparent path followed by a hotspot on the seafloor, we have moved the hotspot present location back in time by using the set of stage poles proposed by Wessel and Kroenke [23] . This data set represents the most updated synthesis for the absolute Pacific plate motion since 145 Ma. However, for the last interval (0-3 Ma), we have chosen to use the pole previously proposed by Yan and Kroenke [24] . The apparent hot spot tracks are determined for the past 20 m.y. with this set of absolute stage poles ( Figure 11 ). If we use a 100-km-wide track as representative of the zone of influence of a given hotspot source, we clearly see that the Macdonald hotspot could not have generated the northern Austral Islands. Furthermore, the Macdonald hotspot track fits well with the 19 Ma age of Mangaia and with the K-Ar age of 8.8 Ma obtained on the seamount ZEP2-19 (DR14-3). On the other hand, the northern Austral Islands can be well explained by a hotspot source that probably stopped producing magma at Raivavae ca. 6.5 Ma. This solution has also the advantage of linking together islands with isotopic signatures clearly different from those of Macdonald. President Thiers bank to the east is a guyot and probably much older. Finally, by using the same stage poles, the Arago track is drawn. It fits quite well with Rurutu and Cook Island ages. Note that volcanoes are often not located along the track axis, which we think emphasizes the importance of lithospheric control over a change in the mantle source location. (1) The Raivavae track extends from Raivavae-type (6.5 Ma) to old Rurutu type (12 Ma) towards the HIMU Mangaia-type. Tubuai Island and DR04-2, a sample dredged on a seamount eastward of Rurutu Island, belong to the old Rurutu field. DR07B, a sample dredged on Arago seamount, and dated at 8.2 Ma, has a Raivavae signature as well as DR22, a sample dredged on the northeast flank of Raivavae Island. If we extend the track eastward in order to find the youngest event, we find President Thiers guyot where DR21 was collected. Its isotopic signature is not far from that of the Raivavae field but only a radiometric age will settle the question. ( 2) The Arago (DR7) track appears more homogeneous and could be related to the young Rurutu volcanic episode (1 Ma). Along this track, DR2 (2.6 Ma), a sample dredged on a seamount westward of Rimatara Island, has the same signature. Rimatara Island samples, although dated at 27 Ma [8] , are clearly belonging to the Young Rurutu episode. The Rimatara Island is thus likely belonging to this track and we think that the existing radiometric age already questioned by several authors is definitively an error. At the oldest end of the track, Atiu and Mauke, have less radiogenic Nd isotopes and their belonging to the track is thus more questionable, although one Mauke sample is close to the young Rurutu field.
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The South Pacific Superswell activity During such a time interval (around 10 m.y.), the Pacific plate has moved 1200 km to the Northwest and the volcanic activity cannot correspond to the same mantle source. To explain such reoccurrence of volcanism at the same location, we have to assume that the lithosphere is weakened along the path taken by the magma to reach the surface. This weakened area then acts as the preferential pathway for subsequent magmatic events that bring magma from new plume sources to the surface.
-Conclusion
Based on the most complete to date oceanic sampling of the Cook-Austral volcanic chains, we have shown:
• a huge heterogeneity in mantle sources at the regional scale;
• a chemical grouping of the mantle sources during the three identified volcanic stages of 58-40 Ma, 33-20 Ma and 20-0 Ma with signatures of mantle reservoir composition from close to C to N-MORB-types and C/HIMU-type respectively.
• a mantle heterogeneity along each hotspot track during the most recent volcanic period of 0-20 Ma; • an heterogeneity at the scale of a volcano due to the occurrence of different magmatic phases at the same location; • the importance of the structural control, either crustal or lithospheric, in the location of magma outputs. These observations taken together are in good agreement with a model where each hot spot could sample one volume of the large and very heterogeneous plume responsible for the regional swell of the seafloor topography [1] . It has been proposed that this small scale convection (100 km in surface expression compared to the 2000 km of the Superswell) could be due to secondary instabilities developing at the surface of the larger plume in the transition zone [26] . The time constants of these phenomena should give us constraints to infer the size of the mantle heterogeneities described in this study. At the regional scale, the challenge is to decipher the dynamics of the super-plume responsible for the Superswell, given the time evolution of the mantle source composition.
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The Table 2 data. The field boundaries are from [27] and [28] for the dashed line. DR14-4 is a basaltic breccia rich in clinopyroxenes shown by a slashed circle.
Figure 6:
Primitive-mantle normalized extended rare earth patterns for analyzed samples shown in Table 2 . The elements are in decreasing incompatibility order for mantle derived melts. Open symbols are used for non-rare earth elements, Th, Ta, Nb and Zr, Hf [18] . The samples are organized in age groups according to absolute dating or estimated age when italic fonts are used. Grey areas include samples that have similar patterns.
Figure 7:
Nd vs. Sr isotopic diagram for published data from the Austral islands [3, 20, [29] [30] [31] [32] [33] [34] and Marquesas [35] [36] [37] [38] [39] [40] , Society [33, 40] and Pitcairn [41] [42] [43] [44] islands as well as Pacific mid-ocean ridge basalts [45-47, 48 , 49-65] and main mantle reservoirs HIMU, EMI and EMII. The numbers in the inset refer to ZEPOLYF2 and POLYDRAG samples. Analytical errors are smaller than symbol sizes. All samples are represented by circles, black for old (40-58 Ma), grey for middle age (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) and white for young (0-20 Ma). DR14-4 dominated by clinopyroxene has a slashed circle as a symbol.
Figure 8:
Pb-Pb diagrams with available data from the literature as specified in Figure 7 caption and additional references [66] [67] [68] [69] [70] for Pacific mid-ocean ridge basalts. NHRL stands for Northern Hemisphere Line [71] . The numbers in the insets refer to ZEPOLYF2 and POLYDRAG samples. Analytical errors are smaller than symbol sizes. Symbols are defined in Figure 7 . Figure 10 . The known ages of islands are given in Figure 2 .
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The South Pacific Superswell activity Tables   Table 1 : Results of the K-Ar dating . Normalization values used to present the data in the extended rare earth patterns of Figure 6 are given in parenthesis after the element name. Ages are K-Ar dates from 
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